Introduction
The Acacia genus comprises over 1500 species with the greatest species diversity, approximately 955 species, being native to Australia (MASLIN et al., 2003) . The majority of these species belong to the subgenus Phyllodineae (MASLIN et al., 2003) . Many Acacia species have characteristics that make them suitable as crops, including the production of useful products such as timber, charcoal, panel board pulp, tannin and livestock feed and agronomically favourable characters like fast growth rates and tolerance to harsh environmental conditions (MASLIN and MCDONALD, 2004) . Consequently, there is interest in the potential for domestication of Australian Acacia as crops for low rainfall agroforestry in the agricultural regions of southern Australia.
An examination of 35 Australian Acacia found A. saligna (Labill.) H.L. Wendl. (subgenus Phyllodineae) to have good potential for utilization as a forage crop (MASLIN and MCDONALD, 2004) . Acacia saligna is native to the south-west of Western Australian and is already used extensively around the world (MASLIN and MCDONALD, 2004) . The species has many favourable characteristics but there is also variation in economically important traits, such as growth form, which may be problematic for utilization. This variation may have underlying genetic causes (GEORGE et al., 2007; GEORGE et al., 2006 ) so selection and breeding of more uniform improved cultivars of A. saligna could be utilized to enhance the value of the species as a forage crop.
The mating system of plants influences breeding methodology and agronomic practices (ALLARD, 1999; SIMMONDS and SMARTT, 1999 of species comprising the subgenus Phyllodineae, reproductive biology has been examined in detail in only a limited number of Acacia species (KENRICK, 2003) . The general characteristics of reproductive biology tend to be similar in all species of Acacia so far studied, but differences between species do exist (KENRICK, 2003; KENRICK and KNOX, 1989a; SEDGLEY, 1989 (BUTCHER et al., 1999) . In contrast, the rare and restricted species, A. sciophanes Maslin, showed high levels of selfing with a comparatively low outcrossing rate of 0.61 (COATES et al., 2006) . High inbreeding, with an outcrossing rate of 0.3, has also been detected in the Daintree population of A. mangium as well as a seed stand established with germplasm from the population (BUTCHER et al., 1999) .
Self-incompatibility, generally assessed by comparing seed set following self-and cross-pollination, has also been widely reported for many species of Phyllodineae. Existing evidence suggests self incompatibility in Acacia could be the result of post-zygotic lethal genes (KENRICK, 2003) . Self-incompatibility levels have been shown to be variable. Studies of A. retiondes Schltdl. (BERNHARDT et al., 1984; KENRICK and KNOX, 1985; KENRICK and KNOX, 1989b) (MOFFETT, 1956) and A. baileyana F. Muell. (MORGAN et al., 2002 ) have shown seed set from self-pollination to be only 3 to 27 % of that arising from cross-pollination. In contrast, seed set following self-pollination in A. paradoxa D.C. and A. ulicifolia (Salisb.) Court was 82 to 95 % of that arising from cross-pollination (KENRICK and KNOX, 1989b) indicating general self-compatibility in these species. It should be noted that the level of seed set following selfing was variable in A. retinodes, A. mearnsii and A. mangium (BUTCHER et al., 1999; KENRICK and KNOX, 1989b) .
There are no published accounts of the mating system of A. saligna, therefore the details of the mating system from a number a populations should be determined before domestication is undertaken. Analysis of progeny arrays using allozymes is a rapid and proven method for studying mating systems (ZEIDLER, 2000) . This paper aims to characterise the mating system of A. saligna through analysis of allozyme variation in progeny arrays. It is hypothesised that the species will exhibit high outcrossing rates and self-incompatibility similar to other Acacia from the same subgenus.
Materials and Methods
Seeds were collected from six natural populations of A. saligna covering the four variants that have been identified in the species (MASLIN and MCDONALD, 2004) ( Table 1) . Seeds were also collected from a revegetation site (named Capel in this study) where a number of provenances were believed to be planted. The source of seeds used in the Capel plantation was unknown and the morphological variants were unable to be unambiguously identified.
At each population a large sample of pods (in excess of 100 per tree equating to approximately 400 seeds) were collected from throughout the canopy of 10-15 trees spaced at least 10 metres apart. This spatial sampling regime was chosen to accommodate the distribution of plants in the populations, which often covered less than 100 -200 m. Seed-set was found to be variable both within and between populations of A. saligna, which limited the number of populations available for sampling.
The seeds from each tree were dried, cleaned, bulked and stored at room temperature. To promote germination seeds were "nicked" using a scalpel and placed on moistened sponges in petri-dishes until they had a root radical 5 to 10 mm long. Germination within families was inconsistent, so individual seedlings were harvested and frozen in liquid nitrogen until sufficient progeny were available for assay. Whole seedlings were homogenized in Eppendorf tubes in 150 µl of cold extraction buffer (50 mM boric acid pH 9, 0.5 mM PVP-40, trace dithiothreitol). The homogenate was microfuged for 5 to 10 seconds to remove cell debris and 12 µl of the supernatant was loaded onto cellulose acetate plates (Helena Laboratories Corp.). Electrophoresis was conducted according to the method described by COATES (1988). Plates were subjected to electrophoresis at 200 V for 35 -50 min, depending on the isozyme system being tested, with running buffer TEM (80 mM Tris, 1 mM EDTA, 1 mM MgCl 2 ) or Tris (100 mM Tris). The isozyme phenotypes were interpreted genetically and scored as such. Scoring of genotypes within families was checked to ensure one putative maternal allele was present in each offspring and no more than two different homozygotes were present.
The following isozyme systems were tested to assay mating system parameters in A. saligna: AAT (aspartate aminotransferase EC 2.6.1.1), ACP (acid phosphatase EC 3.1.3.2), ADH (alcohol dehydrogenase EC 1.1.1.2), AK (adenylate kinase EC 2.7.4.3), EST-β (esterase EC 3.1.1.-), FUM (fumarate hydratase EC 4.2.1.2), GDH (glutamate dehydrogenase EC 1.4.1.3), G6PD (glucose-6-phosphate dehydrogenase EC 1.1.1.49), IDH (isocitrate Table 1 . -The populations of Acacia saligna, which were used in this study. Variant names refer to the informal variants described by MASLIN and MCDONALD (2004) . dehydrogenase EC 1.1.1.42), LAP (leucyl aminopeptidase EC 3.4.11.1), LDH (L-lactate dehydrogenase EC 1.1.1.27), MDH (malate dehydrogenase EC 1.1.1.37), ME (malate dehydrogenase EC 1.1.1.40), MR (menadione reductase EC 1.6.5.2), PGD (phosphogluconate dehydrogenase EC 1.1.1.44), PGI (phosphoglucose isomerase E.C. 5.3.1.9), PGM (phosphoglucomutase EC 5.4.2.2) and SDH (shikimic dehydrogenase EC 1.1.1.25).
The multilocus genotypes based on allozymes were used to estimate mating system parameters. Maternal genotypes were inferred from the progeny arrays by the maximum likelihood method of BROWN and ALLARD (1970) . For each population the multilocus population outcrossing rate (tm), the single locus population outcrossing rate (ts), the correlation of paternity (rp) and the correlation of selfing among families (rs) were calculated with the program MLTR using the Newton-Raphson numerical method (RITLAND, 2002 ). Wright's fixation index for the progeny arrays, and estimated maternal genotypes, was calculated using POPGENE (YEH et al., 1997) .
Mating system estimates based on different loci may be correlated if those loci show linkage disequilibrium. To test for associations between locus pairs Burrows' composite measure of linkage disequilibrium was calculated for all possible pairs of loci within populations by χ 2 tests for significance according to WEIR (1990 ) using POPGENE (YEH et al., 1997 . Where linkage disequilibrium was detected mating system analysis was performed with and without the affected loci for comparison.
Lack of significance between the estimated mating system parameters was determined by the presence of overlapping standard errors. Significant differences between pollen and ovule allelic frequencies were determined by calculation of the 95 % confidence intervals for the data. The confidence intervals were calculated via the central limit theorem using the mean and standard error values for the allelic frequencies. It was assumed that the values were normally distributed. Significant differences were assigned where the confidence intervals did not overlap.
Results
Enzyme activity, in the form of banding, was resolved for all the isozyme systems and populations tested. However, the majority of systems exhibited either no polymorphisms or only one or two polymorphic individuals out of the total progeny sampled. Only five systems (AAT, EST-β, PGI, PGM and SDH) produced sufficient polymorphism within seed crops to enable calculation of mating system parameters.
Only four of the seven populations, Moore River, Leschenault and Capel, exhibited polymorphisms. The Tweed River population was polymorphic at only two loci, which will reduce the accuracy with which the mating system parameters were estimated in this population (RITLAND, 2002) . The remaining populations showed no useful allozyme polymorphisms. Therefore mating system parameters were determined for four populations, three natural populations and the planted population at Capel.
There was some banding complexity in the PGM system of the Moore River population. The general banding pattern was concordant with a monomeric enzyme although a small number of individuals exhibited extra bands that were intermediate between the PGM-1 and PGM-2 loci. These bands were interpreted as either post-translational modification or interlocus heterodimers (ZEIDLER, 2000) and were therefore not scored as alleles.
The estimate of Burrows' composite linkage disequilibrium indicated significant disequilibrium between loci in the Moore River and Capel populations. When mating system parameters were estimated with and without the affected loci, however, no significant difference was found between the results obtained from different analyses, and therefore all the loci were included in the final analysis. There were significant differences between the pollen and ovule allelic frequencies for the loci PGI-1 and SDH-1in the Moore River population ( Table 2 ). This indicates that biparental inbreeding may be occurring in this population.
All populations showed high to very high outcrossing ( Table 3) . The multilocus population outcrossing rate (tm) and single-locus outcrossing rate (ts) varied from 0.804 to 0.998 and 0.765 to 0.999 respectively. The Leschenault population had the highest estimate of outcrossing, which was significantly greater than 1. This has been observed in some other studies, including those on Acacia species (MANDAL and ENNOS, 1995; MORAN et al., 1989b) . Six individuals in the Leschenault population had the same multilocus genotype making it possible that sampling across clones led to the overestimate. However, removing all but one of these families made no difference to estimates of mating system parameters. The outcrossing estimate for the population was therefore interpreted as being truncated at 1. Other than this the difference between the outcrossing rates among populations was not significant. The outcrossing rate in the Tweed River population was lower than in the other populations and the standard error was very high. This is probably due to the limited number of polymorphic loci assayed in this population.
The difference between the multi-and single-locus rate (tm-ts), which is an indicator of biparental inbreeding (RITLAND, 2002), varied from 0.000 to 0.080, and the mean value was 0.036. According to this measure the populations showed little evidence of biparental inbreeding, except for the Moore River population where biparental inbreeding was only marginally significantly different from zero. An alternative estimate of biparental inbreeding can be made using the correlation of selfing among loci (rs), where rs is the fraction of inbreeding due to uniparental inbreeding, and 1 -rs is the fraction of inbreeding due to biparental inbreeding (RITLAND, 2002) . The mean correlation of selfing was low (0.41) in all populations, although the standard errors were very large. The low correlation of selfing suggests that the inbreeding observed was due to biparental inbreeding rather than selfing. This value is higher than the estimate of tm-ts, as expected since tm-ts is considered to underestimate biparental inbreeding (RITLAND, 2002) .
The correlation of outcrossed paternity (the fraction of siblings with the same paternity) within progeny arrays varied from 0.032 to 0.302 for multilocus estimates (rpm) and -0.019 to 0.262 for single locus estimates (rps). With the exception of Tweed Road, where correlated paternity was negligible, the multilocus correlated paternity values in the populations were low to moderate and significantly greater than zero, indicating a small amount of correlated mating. The single versus multilocus correlated paternity (rps -rpm) was not significantly different from zero in any of the populations, indicating no effect of population substructure on the male similarity between outcrosses. The mean parental fixation indices were negative, with a mean of -0.254. The Moore River and Leschenault populations showed large negative values but the standard errors were also high. The mean fixation indices for the progeny (Fprog) were positive but not significantly different from zero in any of the populations. Examination of heterozygosity in estimated paternal genotypes and the progeny arrays showed that the number of heterozygous individuals, and the number of heterozygous loci, was greater in the maternal population compared to the progeny arrays. The proportion of individuals with multiple heterozygous loci was also higher in the Leschenault and Moore River populations than in the other populations. Inspection of the gene frequency estimates for populations showed that the SDH-1 and PGI-1 loci in the Leschenault population had higher proportion of heterozygosity compared with loci in the other populations.
Discussion
All the populations of A. saligna examined in this study, including the planted population at Capel, showed high outcrossing rates. The mean multilocus outcrossing rate across the populations was 0.91. This level of outcrossing is marginally lower than that found in many Acacia species (COATES, 1988; MANDAL and ENNOS, 1995; MORAN et al., 1989b; MUONA et al., 1991) , but is similar to that found in A. melanoxylon (MUONA et al., 1991) and the Western Australian species A. anfractuosa (COATES et al., 2006) . This level of outcrossing indicates that A. saligna has a mixed mating system (preferential outcrossing but with some level of selfing).
The high outcrossing rates in A. saligna populations are potentially due to genetically-induced self incompatibility. As discussed, studies of other Acacia have found evidence that self incompatibility in some species may be the result of post-zygotic lethal genes (KENRICK, 2003) . It can be hypothesised that A. saligna may therefore also posses a system of such genes. In addition, the most significant method of pollen dispersal in Acacia species is via animal visitation to flowers, with insects being the most prevalent pollen vectors (KENRICK, 2003) . The primary insect pollen vectors for species in the genus, including A. saligna, are Apoidea (Hymenoptera), and to a lesser extent Syrphidae (Diptera) (BERNHARDT, 1989; GEORGE, 2005; STONE et al., 2003) . Insects from these groups are strong fliers that actively forage between plants (TIOA, 1991). It seems likely that this behaviour will facilitate the broad dispersal of A. saligna pollen and consequently facilitate outcrossing.
Acacia saligna frequently occurs in small stands, which might be expected to lead to biparental inbreeding and correlated paternity. The level of inbreeding detected in this study was low, but the correlation of selfing estimates suggest the majority of the inbreeding that was detected was due to biparental inbreeding rather than selfing, although the large standard errors indicate high variance among mothers. Some evidence of correlated paternity was found and was similar to that detected in two other Western Australian species, A. sciophanes and A. anfractuosa (COATES et al., 2006) . In a study of A. melanoxylon, MUONA et al. (1991) determined correlated paternity across hierarchical levels and found the proportion of full-sib-pairs to be 0.6 to 1 within pods, 0.35 within flower-heads and 0.1-0.2 between seeds within a tree. In the present study the assayed seeds were randomly selected from a bulked sample taken within a tree, so pod and flower-head hierarchical levels were not examined. However, the correlated paternity values detected here for A. saligna are similar to the within-tree values obtained in the study of A. melanoxylon (MUONA et al., 1991) . Thus the level of correlated paternity detected here is probably related to the floral biology of Acacia rather than small population size or other ecological factors.
Improvement through selection in outcrossed species is typically difficult because of high levels of segregation and constantly changing arrays of differing alleles and multilocus genotypes between generations (ALLARD, 1999) . In these types of plants genotypes will either be eliminated before their agricultural potential can be assessed, or selected genotypes may be lost in subsequent generations as gains from breeding are diluted through outcrossing (ALLARD, 1999; ELLSTRAND et al., 1999) . Attempts to fix traits through inbreeding usually encounter barriers to selfing, and if selfing is achieved progeny of predominant outcrossers typically show reduced fitness (ALLARD, 1999) .
Studies have found evidence that inbreeding is the cause of reduced vigour in populations of other Acacia species (BUTCHER et al., 1999; HARWOOD et al., 2004) . For example, the poor performance of the Subanjeriji Seed Stand of A. mangium has been linked to the high level of selfing in the stand (BUTCHER et al., 1999) . Evidence for selection against inbreeding was detected in this study in the form of differences in heterozygosity between parental and progeny populations. This is indicative of selection between the seed and adult stages in the life cycle of the plants (NEEL et al., 2001; SAMPSON et al., 1989) . Generational difference in heterozygosity is common in Acacia (COATES et al., 2006) and selection against inbreeding is evident where selfed progeny show lowered viability and reduced vigour (BUTCHER et al., 1999; KENRICK and KNOX, 1989a; MOFFETT, 1956) .
A breeding method suitable for outcrossing species, potentially involving improvement though mass selection, would therefore probably be appropriate for A. saligna (ALLARD, 1999; POEHLMAN, 1983) . To prevent the dilution of breeding gains by out-crossing, superior genotypes produced by breeding could be preserved via vegetative propagation by exploiting the species suckering potential (MASLIN and MCDONALD, 2004) or via tissue culture of shoot-tips (BARAKAT and EL-LAKANY, 1992) .
Predominant outcrossing also suggests there is a likelihood of geneflow between plantations and wild populations of A. saligna. This could have negative impacts on the viability of wild populations if the gene pool of the plantation is differentiated through selection or use of non-local germplasm. Negative impacts from out-crossing could arise through dilution of local adaptation or disruption of co-adapted gene complexes (TEMPLETON, 1986) or the introduction of non-adaptive genes (POTTS et al., 2003) . Gene flow from wild populations to breeding populations could also be detrimental as it would dilute the genetic gains made through breeding. It will therefore be important to determine the potential distance across which gene flow can occur in A. saligna. This will enable assessment of the risk posed by genetic pollution to both plantations and natural populations, and potential methods to reduce the risk such as the use of buffer zones. George et. al.·Silvae Genetica (2008) 57-3, 139-145 Variation between populations in the allozyme systems that exhibited polymorphism, and the significant differences in allele frequencies at all loci, suggests there is genetic differentiation within A. saligna. This genetic differentiation is most likely indicative of intraspecifc differentiation that has previously been detected using RFLP markers (GEORGE et al., 2006) . The low level of allozyme variation detected in this study is in contrast to the moderate levels of polymorphism observed within populations of A. saligna using RFLP markers (GEORGE et al., 2006) . This result is similar to studies of genetic diversity in A. mangium that showed very low isozyme variation but greater RFLP variation (BUTCHER et al., 1998; MORAN et al., 1989a) .
Introduction
Extensive literature is available on the occurrence and limitations of juvenile wood in fast growing conifers, including Pinus radiata D. Don (e.g., COWN et al., 1992; ZOBEL and SPRAGUE, 1998; COWN and VAN WYK, 2004) . In radiata pine, most of the literature deals with genetic variation in wood density components (e.g., ring density, ring width, earlywood density, latewood density, modulus of elasticity (MoE)) with tree age (KUMAR and LEE, 2002; KUMAR, 2004; LI and WU, 2005; WU et al., 2007) . Such information may be insufficient for making practi- 
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